
PHYS 402 Spring 2017 8’th homework assignment. Due May 4’th.

1. In this problem we shall explore the use of complex solutions to the
Maxwell’s equations for wave phenomena. Unless otherwise stated we are
in a linear non-conducting medium -such as the vacuum- with properties
given by ε and µ.

• Show that ~E = Eo ı̂ exp(i(kz − wt + δE)) provides a solution to the
wave equation. Note that due to the fact that the equation itself
does not contain imaginary parts the real and imaginary parts of the
solution above are also solutions. From this infer what the magnetic
field ~B must be using Maxwell’s equations.

• Calculate the energy density U and the Poynting vector ~S associated
with these solutions.

• Solve problem 9.12.

• Now calculate the averages over a cycle of U and ~S you have found
previously.

• As the Maxwell’s equations are linear one can use superposition of
separate solutions. To that end consider the following solution to the
wave equation

~E = Eoi ı̂ exp(i(kz − wt)) + Eor ı̂ exp(i(−kz − wt))

and again infer what ~B should be.

• Calculate U and ~S for this solution and evaluate the average over a
cycle. Note that there is a nice separation due to taking the average.

• Now consider the following solution

~E = Eoi ı̂ exp(i(kz − wt)) + Eor ̂ exp(i(−kz − wt))

repeat the steps in the part above.

• Duplicate and understand all details of section 9.3.2 and solve prob-
lem 9.14.

• Duplicate and understand all details of section 9.3.3.

2. Consider the waves in conductors as we have done in class -section 9.4.1-
and consider the phase difference between the electric and magnetic fields
which is measured by φ in Eq.9.134 -Note that in lectures I have used the
somewhat confusing notation of second edition. The edition you have uses
a better notation-. Now study φ as a function of ω; you can provide a plot
-for this you mat think should give some values to σ, ε and µ but simply
use the variable σ/εω for the plot. Show also that along the direction of
propagation the magnetic field will always lag behind.
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